Abstract -Computer-based distance education has been growing enormously in recent years due to advances in key technologies: telecommunications, computer technology, graphical user interfaces, and the Internet. Distance education materials can be presented either ' synchronously, creating the illusion of a classroom on the computer, or asynchronously, allowing the students access-on-demand. We describe the development of a system to solve part of the asynchronous education problem -delivery ofpre-recorded multimedia lectures via a web browser. We built a demonstration system using off-the-shelf technology making it possible to make presentations using commercial tools and to display them on standard systems. We designed the system with lectures composed of "slides" accompanied by audio commentary. These presentations can be delivered via lowspeed modem links -an important consideration in places without a well-developed infrastructure. We also believe that computer-based education is often so complicated to use that operation interferes with education. In order to avoid this, we evaluated a prototype system to obtain feedback about difficulties in operation and to correct them.
INTRODUCTION
Compliter-based distance education has been growing enormously in recent years, primarily due to advances in key technologies: telecommunications, computer technology, graphical user interfaces, and the Internet. Distance education materials can be presented either synchronously or asynchronously. The synchronous method strives to create the illusion of a classroom on the computer. The asynchronous method allows the students to access stored educational material on demand. In asynchronous systems, students follow their own pace and may access the course materials independent of other students and at different times.
This paper describes the development of a system to solve one aspect of the asynchronous education problem, delivering previously recorded multimedia lectures via a web browser. We built a demonstration system, which integrates Java, JavaScript, SMIL, HTML, and Real Networks streaming media. This combination makes it possible to build multimedia presentations using commercial tools and display them on standard systems. Furthermore, we designed the system with the intent that a lecture would be composed of "slides" and an audio commentary. These presentations can be delivered via low-speed modem links, which can be important in areas of the world without a welldeveloped infrastructure. We believe that computer-based educational systems are often so complicated to use that operation interferes with education. In order to avoid this, we employed a technique called "Cooperative Evaluation" 021. A cooperative evaluation is performed by having a potential user of the system perform a number of tasks with the system. At the same time, one or more system designers observe, paying special attention to where the user has difficulty. In order to enrich the information, users are asked to describe what they are thinking. We created a prototype course explaining the basics of SMIL and used it to perform a cooperative evaluation with each of five students. Janeiro is aimed mainly at asynchronous education and is strongly based on the idea of collaboration. It can either use teleconferencing with a CU-SeeMe tool or streaming video and audio for recorded lectures. This is a value added to the conventional course notes. The drawback in AulaNet is that there is no synchronization mechanism between the video recording and other course materials such as slides or other course notes. AulaNet also lacks localization mechanisms such as tables of contents, search tools, or indices.
RELATED WD-BASED LEARNING SYSTEMS

AN ASYNCHRONOUS LECTURE DEL~VERY SYSTEM
All of the above systems either did not explicitly support multimedia, did not allow flexible access to content, or contained some proprietary elements. We decided to see if we could design a system that supported distance education without these drawbacks. We wanted to include lectures as a component of the course because they are an efficient way of delivering information about a subject. We also believe that it should be possible to create part of a distance course by recording during classroombased courses and that enhancement of these courses is a way to reduce the cost of creating distance courses. We quickly realized that we could not produce an entire distance education system at once. But, we felt that an 0-78036669-7/01/%10.00 0 2001 IEEE asynchronous lecture delivery system was a good first step. In addition to asynchronous delivery, the system had to meet four primary goals:
Affordability. The environment should be cost free to end-users. The cost of authoring tools should also be minimal.
Low extra effort It should take little or no effort to install, preferably using components already on the user's system. Ideally, authoring should be no more difficult that preparing a regular classroom lecture. Low bandwidth. The system should operate on dial-up lines with 28.8K modems as it was anticipated that the system would be used in locations where dedicated, high-speed Internet connections would not be available. It should also be able to use higher bandwidth if available. Standard tools and protocols. The system should allow the use of existing software and protocols for the Internet, These goals impose constraints on what our system can deliver and what the base platform can be. First, the lowbandwidth requirement rules out large blocks of video. This means that a video image of the instructor cannot be delivered. We did not feel a video of the instructor was a strong requirement of the system. Our experience indicated that audio and audio-visual aids such as overhead transparencies were much more important. In addition, we conducted a survey of 71 students and asked them to rank the most important potential features for a system. Video of the teacher was ranked nineteenth of twenty-three features. The five most important features were:
1. The ability to stop the lecture and skip back-and-forth through the presentation. 2. Synchronization between presentation slides and the audio (andor video) of the teacher. 3. A hierarchical table of contents that allowed quick access to any portion of the presentation. 4. Presentation slides explaining the lecture content.
Audio of the teacher.
Other features that the students thought important can be summarized as flexibility of access (search over an index, presentation of one slide at a time) and enhanced content (simulations and additional explanations linked to the slide).
The affordability, low extra effort, and support for standards goals mean that the base platform should be a web browser enhanced if necessary by downloadable, free plugins. As we wanted to deliver audio synchronized with slides (web pages), we needed to choose a widely available, webbased multimedia format. Streaming multimedia is an ideal way to deliver pre-recorded lectures. At the time we were developing our system, there were the three competing systems available: Real Networks 
System Design
Pictures addition, each system supplier provides only part of the solution. Thus, we developed a system in which a database held both course and student information, a web server bound together various components supporting navigation among them, and a streaming multimedia server provided the lectures. On the client side the web browser was central.
But, an interface to the database and control of the multimedia player were needed. Figure 1 shows an overview of the system's architecture. Our choice of off-the-shelf components led to a rather complex solution involving four different languages: HTML, the Synchronized Multimedia Integration Language (SMIL)
[19], JavaScript [4, 131, and Java. HTML provided the ability to embed audio, video, and animation, to bind together various components, and to navigate among them. SMIL has markups (or tags) for controlling the content to be presented (preferred language, bandwidth available on the player), specifying the layout of images and video on the screen, and describing the types of media elements (audio, video, images, text, text streams and animation). It also has
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Prototypes can be useful t o carrect user i n t e r f a c e s before the f i n a l system is released.
FIGURE 2 FINAL LAYOUT OF THE LECTURE SYSTEM
has an interface with the Java language called LiveConnect. Through LiveConnect, it is possible for an applet to execute JavaScript commands and for a script in JavaScript to execute methods from Java objects. We exploit this in order to control the streaming media (and thus, the lecture sequencing). Finally, our system uses a Java applet as the glue between various components. The applet opens a TCP/IP connection to a database serving application in order to access the course and student database. The applet also provides the user interface and, through JavaScript, controls the streaming media's playback.
Overview of the System
In order to hand over the control of the learning process to the student, three different presentation modes were devised: a continuous flow, which works like a VCR; an interrupted flow, where the slideshow pauses after the presentation of each slide; a preview mode, where only the slides of the course are shown without audio.
The system itself is presented on a web page that is divided into three frames. (See Figure 2 .) The controls for the presentation are in the left frame, the presentation slides are in the upper-right frame, and an area for student notes is in the lower-right frame.
After choosing the desired course and lecture from the list boxes, the student can start the lecture in any of the three presentation modes previously described, using the buttons located just below the list boxes. According to the chosen mode, the remaining buttons will work in a slightly different In the continuous-flow mode, the "Play", "Pause", "Stop", "First", "Previous", "Replay", "Next", and "Last" buttons work in a way similar to a CD player, where each slide and its associated audio commentary can be seen as a CD audio track.
In the interrupted-flow mode, the behavior is similar, except that after each audio commentary the presentation pauses, giving the student time to take notes.
In the preview mode, "Play", "Pause", and "Stop" buttons are disabled, no audio is heard, and only the slides are shown. The other buttons can be used to skip back and forth through the slides.
The three remaining buttons at the bottom open a table of contents, a search tool, and a notepad. All of these come in a small browser window that does not hide the slides. The table of contents provides links for hierarchical organization. When clicked, they work very much in the same way as the "Previous" and "Next" buttons, except that the student can now skip to any point in the lecture or even to another lecture by choosing the desired link. The search tool allows searching for a keyword and returns links to slides that contain the keyword. These links work in the same way as in the table of contents. Finally, the notepad can record a written comment in the course database associated both to a slide and to the student. This comment is then shown together with the slide in the lower-right frame of the main window.
Breaking the linear access approach was one aim in the design. This more flexible access provided a partition of the lecture into knowledge units, so that the student could choose what to learn and also to skip content considered unnecessary in the same way one does with a book.
Cooperative Evaluation of the System
In order to be effective, a lecture delivery system must support students and not distract them from the educational material. The best way to insure this is to test the design with representatives of the user community -in this case, students. We used a method called "Cooperative Evaluation" [12] . For a Cooperative Evaluation one recruits from 35 users, called evaluators, to assist in the evaluation by operating the system. Cooperative Evaluation works as follows:
The designers construct a set of representative tasks for the evaluators to perform. These tasks should be described in sufficient detail so that the evaluators understand what is needed, but the manner in which the tasks are performed should not be described. An important part of the test of the system is to see if the evaluators can discover how to use it to accomplish the tasks. The evaluators receive a brief explanation of how the system works, and then, start using the system.
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During system use, the evaluators are encouraged to "think aloud''. Because it is difficult to know what evaluators are thinking when they operate the system and this information is useful for refining the design, evaluators are asked to describe what they are doing, what they are planning to do next, what they are looking for, etc. This is called thinking aloud. The designer should encourage the evaluator to think aloud without disrupting things and pay special attention when evaluators fall silent, as this can be an indication of confusion or trouble in operating the system. Evaluators are also encouraged to ask questions when doubtful. A Cooperative Evaluation should not be seen as a test of the system, per se, but rather it should be seen as a dialog between designers and evaluators that is used to discover problems and refine the system design. After evaluators have finished using the system, they should be debriefed. The designer should go over problems that were encountered. Evaluators should be asked to discuss their general impressions of the system. They can also make suggestions for improvements, but are not required to do so.
In order to evaluate the effectiveness of our system, we created a prototype course explaining the basics of the SMIL language. Using this course, we performed a cooperative evaluation with five students recruited at Linkoping University. All of the students were experienced with computers, including programming. They had a background in either Computer Science or Electrical Engineering. The test group used the system in computers either at home or at the university. One of them used a 56 KBPS modem to access the lecture system. The other four had direct access to the university's local network. The object of the evaluation was to find areas where the evaluators had trouble with the interface rather that to demonstrate any properties of the system.
In addition to exposing shortcomings of the user interface, the evaluation also demonstrated positive aspects. The evaluators liked such features as: the ability to choose what to learn, the ability to choose how the material is presented (through three different modes), and the possibility to repeat something that was unclear. This makes the system more flexible and interactive in comparison with other previously developed asynchronous multimedia systems. However, no feedback is provided (e.g.: a bulletin board, intelligent tutoring), and it is not possible to choose in advance the content to be seen, i.e., customized courses. An integration of this system to other tools is essential to make it reasonably complete for distance-education use.
Experience with Authoring
Our experience with creating the course revealed that the dynamics of communication offered by the system are very good. The teacher can choose from a variety of media and combine them in a single presentation. However, there is 
CONCLUSIONS
This work showed that it is possible to combine flexibility of access to content and a rich variety of media in asynchronous web-based learning systems. It showed also that a broad range of users can be reached using standard software components present on personal computers like web browsers, Java applets, and multimedia plug-ins. Nevertheless, it was also apparent that the integration of these standard software components is still in an early phase and that imperfections arise when they are used in combination. Consolidation of these technologies will make it possible t o use the kind of system resulting from this work on almost any kind of computer connected to the Internet.
This system provides a more flexible environment for delivering lectures for both distance and classroom learning.
However, the system developed here is just a prototype and, as such, can be improved. Besides improvements to the present system, some research and development can be performed in at least three different areas:
1. Development of tools to make course creation easier.
We particularly think that recording a lecture as it is delivered in the classroom and automatically indexing it would provide a low-effort way to develop the basics of an electronic course. Test of the system in real-world situations and evaluation o f the design. Adding new tools to the web-based lecture systemparticularly assessment tools and a way to ask questions.
2.
3.
